Necessary and sufficient conditions for the positivity and stability of descriptor continuous-time linear systems with interval state matrices are established. The convex linear combination of the Hurwitz polynomials of positive descriptor linear systems is analyzed. It is shown that the convex linear combination of the Hurwitz polynomials of positive linear systems is also the Hurwitz polynomial. The Kharitonov theorem is extended to the positive descriptor linear systems with interval state matrices.
INTRODUCTION
A dynamical system is called positive if its state variables take nonnegative values for all nonnegative inputs and nonnegative initial conditions. The positive linear systems have been investigated in (Berman and Plemmons 1994 , Farina and Rinaldi 2000 , Kaczorek 2002 and positive nonlinear systems in (Kaczorek 2014 (Kaczorek , 2015a (Kaczorek , 2015b (Kaczorek , 2015c (Kaczorek and 2016 . Examples of positive systems are industrial processes involving chemical reactors, heat exchangers and distillation columns, storage systems, compartmental systems, water and atmospheric pollution models. A variety of models having positive linear behavior can be found in engineering, management science, economics, social sciences, biology and medicine, etc. Positive linear systems with different fractional orders have been addressed in (Busłowicz 2012 , Kaczorek 2010 and 2011 . Descriptor (singular) linear systems have been analyzed in (Kaczorek 1993 (Kaczorek , 1997 (Kaczorek , 2012 (Kaczorek , 2014 (Kaczorek , 2018a and the stability of a class of nonlinear fractional-order systems in (Kaczorek 2015c and 2016 , Xiang-Jun et al. 2008 . Application of Drazin inverse to analysis of descriptor fractional discrete-time linear systems has been presented in (Kaczorek 2013 ) and stability of discrete-time switched systems with unstable subsystems in (Zhang et al. 2014a ). The robust stabilization of discrete-time positive switched systems with uncertainties has been addressed in (Zhang et al. 2014b) . Comparison of three method of analysis of the descriptor fractional systems has been presented in (Sajewski 2016a) . Stability of linear fractional order systems with delays has been analyzed in (Busłowicz 2008 ) and simple conditions for practical stability of positive fractional systems have been proposed in [4] . The stability of interval positive continuous-time linear systems has been addressed in (Kaczorek 2018b) . In this paper the positivity and the asymptotic stability of descriptor continuous-time linear systems with interval state matrices will be investigated. The paper is organized as follows. In section 2 some basic definitions and theorems concerning descriptor linear systems and elementary row and column operations are recalled. Necessary and sufficient conditions for the positivity of the descriptor linear systems are established in section 3. The convex linear combination of Hurwitz polynomials of positive linear systems and an extension of the Kharitonov theorem are given in section 4. The stability of positive descriptor linear systems with interval state matrices is addressed in section 5. Concluding remarks are given in section 6. The following notations will be used: ℜ -the set of real numbers, , n M -the set of n n × Metzler matrices (real matrices with nonnegative off-diagonal entries), n I -the n n × identity matrix.
PRELIMINARIES
Consider the autonomous descriptor continuous-time linear system Consider the autonomous descriptor continuous-time
where
( is the state vector and
where C is the field of complex numbers and the system (1) has unique solution for admissible initial conditions
It is well-known (Kaczorek 1993 ) that if (2) holds then there exists a pair of nonsingular matrices 
POSITIVITY OF DESCRIPTOR LINEAR SYSTEMS
Definition 1. The descriptor system (1) is called (internally) positive if From (3) it follows that the system (1) has been decomposed into two independent subsystems
and 
3) There exists a strictly positive vector 
The condition (2) for (11) 
Note that the matrix 1 A defined by (13) is the stable Metzler matrix and the descriptor system with (11) is positive and asymptotically stable.
CONVEX LINEAR COMBINATION OF HURWITZ POLYNOMIALS AND EXTENSION OF KHARITONOV THEOREM
Consider the set (family) of the n-degree polynomials 
The above considerations for two polynomials (19) of the same order n can be extended to two polynomials of different orders (Kaczorek 2018b 
By Theorem 5 the interval positive linear system with (24) is asymptotically stable since the coefficients 3 , 2 , 1 , 0 , = k a k of the polynomial (24a) are positive, i.e. the lower and upper bounds are positive.
STABILITY OF DESCRIPTOR POSITIVE LINEAR SYSTEMS WITH INTERVAL STATE MATRICES
Consider the autonomous descriptor positive linear system
( is the state vector,
constant (exactly known) and
is an interval matrix defined by
It is assumed that Es (27) and the matrix E has only linearly independent columns. If these assumptions are satisfied then there exist two pairs of nonsingular matrices ) , (
Proof. The proof is similar to the proof of Theorem 1. 
is also asymptotically stable. Proof. By condition (10) 
Using (30) and (31) we obtain
Therefore, if the matrices A and A are asymptotically stable and (31) hold then the convex linear combination is also asymptotically stable. □ Theorem 7. The interval descriptor positive system (25) with (26) and matrix E with only linearly independent columns is asymptotically stable if and only if there exists a strictly positive vector
where n P is the submatrix of P consisting of its first n rows. Proof. If by assumption the matrix E has only linearly independent columns then 
The matrices ) , ( A E and ) , ( A E satisfy the assumptions (27) and the matrix E given by (11) has only linearly independent columns. In this case 
and from (14) we have
Using (29) and (35) for Therefore, by Theorem 7 the interval positive descriptor system is asymptotically stable.
CONCLUDING REMARKS
The positivity and asymptotic stability of descriptor linear continuous-time systems with interval state matrices have been investigated. It has been shown that the descriptor system is positive if and only if the matrix E has only linearly independent columns and the matrix 
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